INTRODUCTION
Ambulatory care sensitive hospitalizations (ACSH) are associated with high financial burden of illness and are being considered as one of the accountability measures for the new Medicare accountable care organizations. 1 According to the 2010 National Healthcare Quality Report, overall ACSH rates have not decreased over time and the costs were $27.1 billion in 2007. 2 Preventing ACSH represents an area in which, quality improvement is directly linked to lower healthcare expenditures. In this context, the Prevention Quality Indicators (PQIs) have been developed by the Agency for Health Care Research and Quality (AHRQ) to "flag potential problems resulting from a breakdown of health care services by tracking hospitalizations for conditions that should be treatable on an outpatient basis, or that could have been less severe if treated early and appropriately". 3 Increased risk of ASCH can be as a marker of poor access to medical care. In fact, communities reporting unmet needs for medical care 4 and individuals with limited access to primary care services 5 have been shown to have higher rates of ACSH. In addition, it has been suggested that primary care interventions can produce cost-savings by avoiding ACSH. 6 These findings highlight the need for access to comprehensive primary care services to reduce the risk of ASCH. Even when access to primary care is equalized as in the case of veterans enrolled in the Veterans Health Administration (VHA) system, some subgroups have greater rates of ACSH. For example, in specific disease conditions such as dementia, veterans living in rural areas were more likely to have ACSH as compared to their urban counterparts. 7 Although ACSH rates have declined between 2000 and 2007 among VHA users, [8] [9] [10] substantial variation in ACSH rates across Veteran Integrated Services Networks existed; most networks in the east coast performed better than those on the west coast. 9 However, this study did not include ACSH that could have occurred in VHA. Including both VHA and Medicare utilization is important because many veterans use both VHA and Medicare services. Based on a nationally representative sample, it has been reported that VHA users received most of their health care outside of the VHA system, paid through private insurance or Medicare. 11 Among VHA users with outpatient use, 36% were Medicare-only users, highlighting the importance of capturing Medicare utilization. 12 Dual Medicare/VHA use (hereafter referred to as dual use) can favorably or unfavorably impact veterans' health outcomes. If veterans seek care from both Medicare and VHA for enhanced healthcare access and better disease management 12 
, then dual
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use may not adversely affect health outcomes. On the other hand, with dual use, the potential for redundant care, health information loss and resultant fragmented care is present. 13 There is some evidence that dual use is negatively associated with health outcomes among VHA users. Among veterans with diabetes, dual use, as measured by the proportion of Medicare/ VHA visits to total combined visits, was associated with poor glucose control. 14 Other VHA research has documented increased mortality rates among dual users. 15, 16 However, to date studies that examined the relationship between ACSH and dual Medicare/VHA use are scarce. In contrast to the specific disease markers or mortality rates used in previous studies, [14] [15] [16] ACSH are considered to be a starting point in identification of unmet community healthcare needs and are important to comprehensive health care delivery systems such as VHA. Therefore, the primary purpose of the current study is to examine the association between ACSH and dual use among veterans using a nationally representative survey of Medicare beneficiaries. It has to be noted that the terms PQIs, preventable hospitalizations, and ambulatory care sensitive hospitalizations (ACSH) are often used interchangeably-we have chosen to use the term ACSH.
METHODS

Data
We used the Medicare Current Beneficiary Survey (MCBS), a "nationally representative sample of aged, disabled, and institutionalized Medicare beneficiaries". 17 The MCBS data consists of two annually released public use files: "access to care" and "cost and use". The "access to care" files contain information relating to respondents' access to medical providers and their satisfaction with healthcare, and include beneficiaries who were enrolled in Medicare for the entire year. We measured presence or absence of any ACSH based on the following 13 ambulatory care sensitive conditions identified by AHRQ as PQIs: 1) diabetes short-term complications; 2) diabetes long-term complications; 3) perforated appendicitis; 4) chronic obstructive pulmonary disease (COPD); 5) hypertension; 6) congestive heart failure; 7) dehydration; 8) bacterial pneumonia; 9) urinary infections; 10) angina without a procedure; 11) uncontrolled diabetes; 12) adult asthma; and 13) lower extremity amputations. Medicare beneficiaries who had a hospitalization for any of the abovementioned conditions in the observed calendar year were considered to have an ACSH. ACSH were identified using PQI software developed by AHRQ, 19 in which the International classification of diseases, 9 th edition, clinical modification (ICD-9-CM) codes were used.
Other Independent Variables. Demographic variables were gender (women,men), race/ethnicity (white, African American, Latino, other), age in years (less than 55 years, 56-64, 65-69, 70-74 and 75 or older), marital status (married,widowed,divorced/ separated, and other), metropolitan status (metro,non-metro), and census region. Socioeconomic status included education (less than high school, high school, some college and college), poverty status (less than 200% Federal Poverty Line, 200-400% and greater than 400%), Medicaid (yes, no), private insurance (yes, no), and prescription drug coverage (yes, no). Health status was measured by self-perceived general health (excellent, very good, good, fair, poor), smoking status (current, past, never) and body mass index (normal, overweight, obese and morbidly obese). Functional status was based on a count of Activities of Daily Living (ADL) Limitations. History of medical and mental illnesses (presence, absence) was derived from a list of self-reported conditions. Year of observation was used as an additional covariate to control for time effects. 
Statistical Methods
Chi-square tests of independence were used to determine unadjusted group differences in ACSH rates. Logistic regression on any ACSH controlled for dual use, year of observation, gender, race/ethnicity, age, marital status, metro status, region, supplemental insurance, prescription drug coverage, self-perceived general health, functional, smoking status, BMI categories, and history of mental illness. While incidence rates greater than 10% may not accurately represent relative risk, following the recommendations by Zhang and colleagues 20 adjusted odds ratios (AORs) approximate relative risk due to the low rates of ACSH. Therefore, AOR and relative risk of ACSH are used interchangeably. All analyses controlled for the complex sample design of MCBS and were conducted using survey procedures with Statistical Analysis System (SAS version 9.2 Cary, North Carolina).
RESULTS
The study sample consisted of 44,957 person-years, of whom 45% were men; 80% were white; 45% were 75 years and older; 73% resided in a metropolitan area; 58% had incomes below 200% federal poverty level; 67% had no college education; and 18% had dual Medicare/Medicaid coverage. Among veterans, of 11,759 person-years, 2,516 were predominant-VHA users, 452 had some VHA use, and 8,791 were non-VHA users. Predominant VHA users were less likely to have high income, prescription drug coverage and good health status (Table 1) . For example, only 12% of predominant VHA users were in the high income group whereas 22% of veterans with no VHA use were in the high income group. Similarly, 57% of predominant VHA users lacked prescription drug coverage, whereas 21% of veterans with no VHA use lacked the same. Higher rates of diabetes (27% versus 19%), heart disease (46% versus 36%), and hypertension (71% versus 57%) were observed in veterans with predominant VHA use as opposed to their veteran counterparts with no VHA use.
Among all Medicare beneficiaries, 5% (N=2,311) had any ACSH. Among those who had inpatient use, 24.3% had any ACSH; 10.1% had any acute ACSH; 15.8% had any chronic ACSH. Of the thirteen ACSH measured, the three most common hospitalizations were for congestive heart failure (7.3%), bacterial pneumonia (6.7%) and COPD (4.8%) (data not shown in tabular form).
Significant subgroup differences in rates of ACSH by race/ ethnicity, age, marital status, metropolitan status and geographic region, education, income, insurance status and all health measures were noted (Table 2) . When examined by dual use, the weighted average ACSH rate for veterans with predominant VHA use was 4.9%; 3.7% for some VHA use; and 4.5 % for veterans with no VHA use. This difference was not statistically significant. 
Secondary Analysis
To ensure the robustness of the relationship between any ACSH and dual use, we analyzed the data by subgroups. These subgroups included only men and those with cardio-metabolic conditions namely, diabetes, heart disease, or hypertension. In both these sets of analyses, the findings remained consistent with the primary analyses.
Controlling for Selection Bias for Dual Use
As seen from Table 1 , dual users may be a select subgroup based on poverty status, prescription drug coverage, and health status. Dual users may also differ from veterans with no VHA use by omitted variables such as VHA priority status (service-related disabilities and low-income) and unobserved variables such as veteran preferences for choosing Medicare or VHA. For example, prior literature suggests that veterans with higher VA priority status, better health status, and living near a VA facility were less likely to be dual users. 12 Similarly, unobserved factors such as perceived fragmentation of care and patient satisfaction may affect dual use. 21 Therefore, we controlled for the selection and reverse causality by using an instrumental variable approach. We used distance between the resident county and nearest VHA facility as an instrument in the selection equation that predicted presence/absence of dual use. The model on ACSH included all independent variables mentioned in the measures section. This analysis was restricted 23 However, using all Medicare beneficiaries, only 5% had an ACSH. Due to differences in denominators it should be noted that rates of ACSH based on all Medicare beneficiaries is considerably lower than those based on only hospitalizations. Of the 13 ACSH indicators, the three most common hospitalizations were for congestive heart failure, bacterial pneumonia and COPD. These three conditions are responsible for significantly high healthcare expenditures, morbidity, mortality and productivity losses annually. [24] [25] [26] [27] [28] [29] As a result, hospitalizations and re-hospitalizations for these conditions have caught the attention of policy makers. Starting in 2013, the Centers for Medicare/Medicaid services will use readmissions for these conditions as an accountability measure and will reduce reimbursements to hospitals with greater than expected admission rates for these conditions. 30 Future research should examine the unintended and intended consequences related to this policy. Prior research using VHA data outlined in the introduction has reported that dual use can be associated with negative health outcomes. 14, 15 However, our study did not find a statistically significant association between dual VHA/Medicare use and the risk of ACSH in either bivariate or multivariate analyses. Although not statistically significant in general, dual VHA/Medicare users had a lower risk of any ACSH. As seen from our findings, veterans with predominant VHA use were poorer, lacked prescription drug coverage and had poor health than their veteran counterparts with no VHA use. Our findings from secondary analyses using instrumental approach suggest that despite having poor socioeconomic characteristics, health status and other health risk factors, dual VHA/Medicare users are as likely as veterans with no VHA use to have any ASCH. Taken together, one could suggest that even when veterans seek care from multiple systems, expanded access to healthcare through Medicare and the design of the VHA system which focuses on care coordination through primary care providers may have a protective effect. There is some evidence of improved performance of the VHA. A review of VHA system performance before and after the system-wide changes of the mid-1990s reported that 90% of veterans received appropriate care for 9 ACSH indicators and the VHA system out-performed Medicare fee-for service on 11 of the same quality indicators. 31 This study has many strong points and some weaknesses. The strengths include having the "best of both worlds" 32 by combining both Medicare claims and survey data which included variables that are not usually available in claims data (example: smoking, obesity, functional status and general health status). ACSH were extracted from Medicare claims data and based on clinical information. Non-Medicare events were derived from self-reports. Although self-reported data are subject to recall bias, the special MCBS field procedures such as interviewing respondents at relatively short intervals and verification of information including examining explanation of benefits forms help to reduce problems with recall bias and under-reporting of non-Medicare events. However, one recent study found that self-reported VHA inpatient, outpatient, and pharmaceutical events in the MCBS dataset were underreported relative to the VHA administrative databases. 33 Weaknesses also include a cross-sectional study design, lack of HMO data as well as lack of diagnostic information on nonMedicare events, and small sample sizes for some conditionspecific ACSH. The study design was cross-sectional and therefore cannot be used to infer causal relationships between dual use and ACSH rates. This study does not capture use in HMOs, an important source of health care delivery for the elderly. Therefore, our results cannot be generalized to all Medicare eligible veterans.
By not capturing ASCH from inpatient events that occurred in the VHA, we may have underestimated the rates of ACSH for those with dual use. However, among all hospitalizations reported by the veterans, only 3% of hospitalizations occurred in VHA facilities and may not have a significant effect on the relationship between ASCH and dual use. As with all observational data, it is difficult to fully control for selection into VHA use. Despite these limitations, our study provides information on hospitalizations for ambulatory care sensitive conditions using nationally representative data. The study also contributes unique information about the relationship between dual Medicare/VHA use and its association with hospitalizations for ambulatory care sensitive conditions. Our findings suggest that dual VHA/ Medicare users could be using both systems to have enhanced access in order to better manage their conditions. In addition dual users may be protected from preventable hospitalizations by the operational emphasis and organization of coordinated care in the VHA.
